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ABSTRACT

A multi-year project was initiated to introduce autonomous vehicles in the UCF
Driving Smulaior for red-time interaction with the dmulaior vehicdle. This report
describes the progress during the second year.

In the fird two years, a traffic network conssing of severd one and two-way
roads, an outer loop and intersections with traffic control devices was created and
populated with vehicles moving in a random manner. The network is completely defined
in terms of a sat of nodes and links. Using a Windows PC, the scientific and engineering
progran MATLAB was used to cdculate postions and headings of the smulated
vehicles with respect to the link/node coordinate system of the network. MATLAB was
chosen because of its poweful daa andyss visudization and programming
environment, extengve library of mathematicd functions and its cgpability to produce
eadly customizable GUI's.

Initid traffic dendties on the links are st by the user, as are the arrival patterns
of new vehicles entering the network at the source nodes. An onscreen map of the
network displaying the smulated traffic movement, with zoom and scroll is useful for
off-line software development purposes. The link/node vehicle coordinates are
tranformed in the PC to x)y and heading coordinates for communication to the
gamulation control program running in the host computer. The traffic generation frame
rate is a function of the number of cars and other factors, which affect the computationd
load on the PC. Traffic generation output is interpolated to synchronize with the basc
amulator frame rate, which is dictated by the vehicle dynamics modd.

During the last year, some intelligence has been added to the driving paiterns of
the ambient traffic. This report describes the agorithms employed to accomplish this. It
concludes with a brief discusson of the remaining work to achieve a fully interactive
driving Smulator with intdligent traffic.

INTRODUCTION

The UCF Driving Smulator, shown in Figure 1, has evolved since the mid 1990's
into a midrange amulator with the potentia to conduct research in trangportation, human
factors and red-time smulaion. A view from the Smulaor is shown in Fgure 2.
Certain types of roadway improvement projects related to road geometry, sight distances,
ggn placement, traffic caming, etc. could be tested in the smulator. However, the
absence of vehicular traffic in the visud database precludes its use as a training device or
as atestbed for sudies involving traffic operations where traffic interaction is essentid.

A mult-phase research study was initigted to create ambient traffic movements
viewable by the driver in the smulator and aso develop a limited scenario generation
capability. In the initid phase, there was no atempt to introduce autonomous vehicles,
i.e. vehicles whose movements reflect an awareness of each other's presence as wel as



that of the smulaior vehide.  Ingtead, the primary focus was assuring that dl vehicles
remain properly registered with respect to the centerlines of each road. In the second
phase, vehicles were programmed to exhibit autonomous driving behavior, however there
is dill more inteligence necessry in order to Smulate redigic ambient traffic
movements.

TRAFFIC GENERATION

A traffic network congsting of severd one and two-way roads, an outer loop and
intersections with traffic control devices was crested and shown in Fgure 3. This
roadway network is purdy fictitious and was created as a prototype for evauation of the
traffic generation routines,

Redl-time traffic amulation uses a link/node type of description for a network of
roads. The nodes are placed dong the network a locations, which define the permissible
traffic patterns.  The nodes are connected by links, which dlow the vehicles to be
properly registered on the roads. A link/node description of a roadway network is not
unique, however regardless of its definition, it is a darting point for the process of
artificaly generating vehicles for insertion in the network.

A database of link properties was created to describe the entire network
topography, i.e. node types a ether end (source, Snk or intermediate), neighboring links,
trangition probabilities for moving from link to link, and relevant geometrical data.

INTELLIGENT TRAFFIC GENERATION

Running on a Windows PC platform, microscopic traffic flow models are used to
cdculate podtions and headings of smulated vehides with respect to the link/node
coordinate sysem of the network. Link/node vehicle coordinates, conssting of the link
number, disance dong the link from the upstream node, and heading are transformed in
the MATLAB PC to x,y and heading vaues in the coordinate sysem of the 3D modeing
software used to create the visud database. This transformation guarantees the vehicles
will be properly registered with respect to the centerlines of the roads. These coordinates
are communicated over a network to the smulation control program running in the host
computer, a Silicon Graphics ONY X computer. New link/node vehicle coordinates are
established each frame, i.e. a complete pass through the traffic generation loop.

In the last year, microscopic traffic flow models have been developed for vehicles
aoproaching intersections with traffic lights or stop sgns, and for driving on sections of
roads with posted speed limits. Inteligent vehicles have the ability of making correct
decisons and choosing appropriate responses dynamically as conditions change. For
example, vehicles atempt to mantan safe headways on the open road, dow down
accordingly in the vicinity of sop sgns and traffic dgnds in the R or Y phase. This is
accomplished through the use of condraints on the vehicles acceeration. That is, the
current traffic environment is recognized and an gppropriate acceleration is chosen.



There are two condraints on the acceeration of vehicles, which are not in the
vicinity of an intersection. One is based on the speed limit of the link and the other is
determined from a car following dgorithm. Furthermore, there are two speed limits the
vehicle must consider. One is the speed limit of the current link; the other is the speed
limit of the link thet the vehide will be trandtioning to when the vehicle reaches the end
of the current link.

As vehicles approach an intersection with a stop sgn, they are forced to
decelerate to a complete stop. If there is a traffic Sgnd with a G or Y phase at the end of
the link, the vehicles accderdion is determined by whether or not it can pass safdy
through the intersection.  When the vehicle gpproaches the end of a link with a traffic
ggna inthe R phasg, it decelerates to a complete stop.

Thus, there are five factors, which influence a vehicles accderation in this modd

Speed limit of the current link

Speed limit of the subsequent link
Accderation based on car following agorithm
Presence of atraffic sgnd

Presence of astop sign

abkhwpdE

Recognizing these five conditions leads to five different accderations. For safety
purposes, the governing accderaion is sdected to be the mahematicd minimum. A
vehicle may be acceerating based on the speed limit mode a one point and deceerating
later on according to a car following rule.

Ca following adgorithms assume various forms. The basc intent however is to
postion vehides on a sngle lane of traffic with safe headways or gaps between them.
Theinitid agorithm, which was tested and produced acceptable traffic flow, is

a(t) = Ay, (t) - v, (O] + B{[(% (1) - x; ()] - Hee}

where a(t) isthe computed acceeration of the following vehicle
v, (t) and v, (t) are the speeds of the lead and following vehicles
X (t) and X (t) are the positions of the lead and following vehicles
X (t) - X, (t) isthe headway between the vehicles

H . isthe desred headway of the following vehide
A and B are suitably chosen congtants

When a vehicle intending to go draight at an intersection gpproaches the end of a
link with a traffic sgnd, it encounters one of three possble conditions and responds
accordingly.

1. Sgnd isin R phase and vehicle decel erates to a complete stop.



2. Sgnd is in G phase and vehicle proceeds through as if traveing in open road
conditions.

3. Sgnd is in Y phase and vehide proceeds through if sufficient time remans
before R phaseis active, otherwise vehicle decel erates to a complete stop.

The above scenarios gpply to intersections with protected left turns on G as shown
inFigure4. A view of traffic at asignd-controlled intersection is shown in Figure 5.

All traffic flow approaching a stop Sgn decelerates to a complete stop. If the
intersection is clear of vehicles and no other vehicles are about to enter the intersection,
the car is alowed to proceed.

After the accderation of a vehidle is determined (from the minimum of severd
competing traffic modes), its speed and podtion (relative to the darting node of its
current link) from the previous frame is updated. In this way, ambient traffic can be

gmulated and gppear to the driver in the smulator to be behaving in an intdligent
faghion.

FUTURE RESEARCH

Before the driving smulator is cagpable of sarving as a robugt tool for acquiring
knowledge in the areas of transportation research it must acquire severd additiond
capabilities. In order of importance, these are:

1. Ambient traffic vehicles must have knowledge of the postion and speed of the

gmulaor vehicle to propely podtion themsdves when in the vicinity of the
smulator.

2. Time for credtion of link/node databases from roadway drawings must be
reduced.

3. Traffic scenarios involving the ambient vehicles must be easly programmed to
faclitate the implementation of new research dudies in fidds such as human
factors, traffic flow, ITS, etc.

4. Vehides mug have the ahilities to switch lanes.

5. Syntheticdly generated vehicles should exhibit individudized characteridics so
vehicle movements are less predictable. This requires the use of randomized
parameters for factors such as driver aggressveness and vehicle performance.

Some of these issues have been addressed.  Algorithms for recognizing the
presence, i.e. the coordinates of the smulator in the link/node coordinate system are
being tested. Additiond work and testing is planned to assure the rdiability and
accuracy of the dgorithms. Since the smulator vehicles podtion & not congtrained to an
exiging link, the car-following dgorithms which rely on the distance separation between
adjacent vehicles on the same or contiguous links are not directly applicable.

Lane changing poses amilar problems snce vehides in trangtion from one lane
to another are no longer identified with a specific link.  Furthermore, the array which



keeps track of the vehides on each link, every frame, must account for vehicles (other
than the leading vehide) dissppearing from a link or new vehicles suddenly appearing
(other then the tralling vehicle) on alink.

Cregtion of a link/node description for a roadway network is time-consuming and
prone to eror. Severd commercid traffic flow programs including Paramics and
CORSIM create the links and nodes usng front-end GUI's (graphica user interfaces). A
smilar gpproach is being explored to expedite the process of creating the link/node
database for the UCF driving Smulator traffic generation models.



Figure 1 The UCF Driving Smulator

Figure2 View From Insde the Smulator
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Figure 3 Roadway Network for Traffic Generation
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Figure4 Traffic Generation &t Intersection With Protected Left Turn G Phase

Figure5 Rendered Scene of Traffic at Signal Controlled Intersection



